UNCLASSIFIED 
AD NUMBER: AD0072176 


LIMITATION CHANGES 


TO: 


Approved for public release; distribution is unlimited. 


FROM: 


Distribution authorized to U.S. Gov't. agencies and their contractors; 
Administrative/Operational Use; 17 Sep 1947. Other requests shall be 


referred to the Office of Naval Research, Washington, DC 20360. 


AUTHORITY 


ONR Itr dtd 9 Nov 1977 


THIS PAGE IS UNCLASSIFIED 


I ee a ge ee ee ee 


I 
| 
| 
| 
| 
| 
| 


>a ——— — —_ oa — > = 
a er % OS SS OS Sica ort ete srg, 
y the : abe rk es ry 
fa ne eS Rt 
ree + 
3 A] 


i aetna mascot 


cert ereay — 
4s 
3 
et 
sO ee ge 
wa) Pan bs 
7" waemes 
> 
> 
3 
8 
RICRO RELI 


. ~é oe ew a ee 
Lr ne ee 
: Seg el 
SRM LB 
Pia . 


i i 
‘ & 
it H 
S ; : 
; ig : | 
f | I | a 
an: i¢ i 
4 bf bd: 
us } § 
ee : 
Be He ee til i ers T as at Ys 
a RT AG A AS } ah Gat ad 
Ce 2 Sa, a4 yer J Aiwi aise 


\ 


i s b J 
WG Wow ss Laci wy 


POGULENT Sen SE CENTER - 
KNOTT BUILDING, CLYTON, 2, sO : | 


* ta ewes. 


pale ‘ t 
ae ee SITIT 
TTT, Stee naannnee mets cae 
A ENT aE RTT ~ 
is ead - A ‘, Resets ys. Re eee : ke ee ea ee 
* ? * 7 ha te ‘ 
fia eet” sp pe ge 


F ates ATs a Z 
_— 


— 

th sani 3 

10D» @ inmecgueetameeh 4s 
= 


ia 
aay 
Me eet ate = . ' 
vere  oweryre On ' 4 
ot "air: WHEN © SWORNMENT OR OTHER DRAWIT, SPECIFICATIONS OR OTHER DATA - 
anton aC ni Ol AC Y DURPOSE OTHER THAN Di CCHU=ZOTION Wri'll A DEFINITELY RELATED |} 
Aah | SEsPe: cet L'€ ICUREMENT OPERATION, TES W. £. GOVERNMENT THEREBY INCURS a 
fa ey SPONSIEE D2. NOR ANY OBLIGATION WEATSIETER; AND TH FACT THAT THE ; 
pe Ur tek ONE Bras =AVE FOR21ULATED, FURSCIE=D. C2 IN ANY WAX SUPPLIED THE 
au = 3 ana WINGS $EE: TIFICATIONS, OR OTHER DATA I? NOT TO BE HEGARDED BY 
Gere “a8 ae cee 2 Pa"MTERWISS ASIN ANY MARIZ= ETT EING THE I GOLDER OR ANY OTHER 
aa | é OR COL ~ SEAGICN, OR CONVEYING ATTY ELTIT'S CR.PERM" “ON TO MANUFACTURE, 
e eo moet Ds ON Us OBS "TENTED INVENTION THAT LLY DY ANY WAY Ls RELATED THERETO, 
; ui “" ie gy Sn or fe sn ammsers=. eso tee ee " 
i t A fer Ol ji) | 


nS iv \ if. i ; os : : ‘ 
: 2a NaN , ae , (> eh aa {tT c aa “ \ | 
a hy a mS Se ino S| Pe 


H 


_S i es ress | aa 
Py ¥_s ea ot a nse ‘i a i 2. a fof oe we. °.* a".? ) z r : 
PA: (IR AD oa ee be Lt a Net . ‘ . . ‘ “oe ape ie, es > - -f 7 ‘) 
r e - on, - “. ons a nile a ‘ tt ie | * Cae ‘ 
‘ : eo eh te , f eae oe 
4 zs te wee va = ‘os mi meted sie ‘ . he " 
- r - -4 steers 


a? SK 


SHANTI H 


al on a eee etd 
~~" ere yn 


wee 
=“) ey 

wie =e . 
Zz aotnmt-.Aaruasl 


— 


<r Teme MONE Se BTR OE renee er soe 
vs bg FS oS 5 
=F a "ep 


ae oe Oe 
= ate 


ON ert Mint n Leen Ee a hi i ee ten ate, Pals Nl Sl al Tee 


WATASHI een ae 


PRATT AGRE UIE ADE OSE LY OS ST Ee ee 


el ee ee 


et 


ETT Et tt a 

oe a ge eres 

Se woe oe = =. 

"ters 7 a. Ps - 

5 « * 

- 
“ 

® 


NRL 


el 


t” 

Pw 

OT Qe nna ny Shoe ere 

a e. Pa 
oT 

a! 


. 
| 
” 
i. 
: j 
a |: | a 
, 
« 
; f | 
7) =_— he 
‘ oe ee eee > Pe Ce ee yea ‘ 
| U tes ia Dama : nen ene —s ‘peer sical eal anc q piscaamed 2 6) 4 7 ah er thot =~ rad 1 —— ~ 4 ! 
fy adie cit PRATER ET ren Wad int ete eet a0 warn eet er <wemet #5 SEA 0 GAR oS se or 4 tha Sage Mabe on Sos Wn Yee ab Siew oo wir : 
| } — meres ate tt Pee Tekh bets Bess Po ate Onl + at 
. nal” | a 
. 
) 4 
| On eerrteretnannatieaicttoaitsicrapsim ctisrsietncntausaininsasisin : 


i ee ee oe eee 


ee 


sel tee hie te ei ee ee ee ee 


iii ete ad he - 
het ko. PO Oe, Sew iy ene eee gremies 25 
* ; ce 1) wr, 


ol re + --%. 1? 


4 “~f 
s* on on he hat 


ae een ° - 
1 oe WA a 497. 2k RP MNT 6 OPTS Tt OE’, 


i . ‘ 


‘ t Bask . 3 = 
‘ ‘ hr hs 9k e <a Sex 


mae 
Pe) 
= 
- 4 
a 
rc 
Me 


’ . LO LEG ELE A OTN RR OE a ag 


% Gir il ReiZ4 


7 Ae 


ne ee 


: 
Fa age cae Poros 88 - 2 “a ash " a 
aie ia” oa ae, ee ee ke eee 
“i ye ashe se as ? 5 
sate atte ey ohare og aigt 5-5 eR 


Raw tei Lb hee at dette ec A 


~~ 
= 


s 


ft. opetet Ua, 


wake ry: Finds. Fad 
+ TRG ern me neem 8 Pant res 6 in Bo Ris Op comets Saale nine 


- & 
; ig 

€ ees 
ee | Qa 


| 


on wart ac aia 


=e Names tran 


Sele teat etn a al aca il Pile Sonnac’ Cotn ee, a ee ae 


oO 


2 ERs 


Froject Whirlvind 


Servorecheniame Latoratory 


Macenchusetts Institute ef Technology 


Cambridge, Huaesctnaetts 


SUBJECS: AAGNMPIC RECORDING - ITH Us%_yoR | SMORAGE OF 


Ses 


SLECTNONIS COMPUT RS 
Written tr «=O. OS. Rich 
Pate: Se-tember 17, 1947 


FOREWORD 


the following revort contains a surrey of the 
& summry sf the work done in this field in dt Cantor o 
Ssntenter 1546 te June 1947, and recommandatic:s for further exverinenta? work. 
The purpore of the work wag to irvertigste mecotic recording ag a means for storing 


informatica for electronic comutir.2 machines. 
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SUB ART 


Uo to the regent time, the investiertion of magnetic cecordins 
aystems for storage ourposec hag covered only sane Preliminary stages o¢ 
coariruction of test equipmont, design of recording, playback, anj erasing 
heacr, and comearteo3 of different tyves of recording media. ‘hts pre- 
lisisery work wag undertaken to determine the best recording nediua and 
tha test system design for testing various storage methods. Sinca a mex- 
{mun number of words per unit length of the medium ig desirable for effic-- 
lent storage, the umer frequency limit of a recording for a given linear 
aveed of the medium wag taken as a measure of the system performance, 


The recording equipment used was designed and Conatructed in the 
laboratory. Ist consisted of vulleys a-ranged on a panel to hola a short 
loon of @ recording medium and drew 1t at a uniform epeed over the erasing, 
recording, end playback heads. Suitable aeplifiers connected to these 
heace Bllowod the recording and renroduction of Continuous ginusoidal signals. — 
Six different recording media were tested, three of these veing vaper or 
cellulose acetate tavag coated vith a powdersd magnetic mterial and the 
others being solid metal tapes. A tane sveed of 8" /sec was used in all 
teeta. : 


All of the heads wore of ting-tyve core construction, since such cores 
narait record rg of higher frequencies than is possitle with other tynes. They 
wera oriented so ag to vreduce longitudinal magnet{zation in the tenes. 

saameotication ty meana of a £0.C field accomlished the erasing process, 
end a high-frequancy bias in the recording head vrovided a minimun of ampli- 
taly distortion in the recorded signal. These msthcds were chosen instead of | 
emuing by saturating the modiug and using a d-c bias to nrovido a lincar 
characteristic becauae of the hi,ter signal-to-noise ratio obtainable, 


Ia articles in the literatura 1¢ hog been chown thet a high ragidual 
fliuz density in the recording wadiun gives high outrat at low frequencies, 
vhile a high coercive forse ceutributes to a high outout at high frequencies. 
Tag ddeal response of the eyeten for a constant re 
&a cCutput voltace vroportional to frequency. 
outcry voltae 
dewrcaotlens 
haad, desreaged flux Penotration in the csdiun as a result of skin effect, and 
QB ccoreagsa 4a flur Llataseg througn the vlayback head becouse of its finite 
alrecsp width. Sslf-doracnetization is a function of the slope of the denage 
netising nortion of the B-H curva; therefore tha ratio of rocidual flux density, 
R., to coercive forces, He, has deen doncribed as a figuro of niarit for tha high- 
{roqueney regnonse of @ given medium. Fora low BR to Hy ratio, Belf-corurenet- 
{sation {8 leay and the cutnut at high frequoncios ig Ereator. 


Dozagnetication cauced by leakavo flux at the recording head 1s ninie 
niged ty using a core Raterial with the hichost pernenbility voasible at the 
flux ccngitios Involvod and recording with the nintreva flux denalty consistent 
with antput requirements, 

’ 
Rysterasla loops and frequency response curves wore plotted for the alx 
ragneatio tanag Greviously mpntioned. ‘The bogs high-frequency response wag ob- 
taiged Zrom cne of the vVowdor-coated tanas which had a coercive force of about ; 
350 oorateds and tha lowezt Ba to He vatte, which was about 2.2, tho difference 
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Broe;, in response dotween solid metal taneg and ceated ones, however, was uot 

fY " wholly indicated by this rhtio. For oxnitple, a sclid trave hav’ ng un 3, 

of -15 oreatede and 3p to H. ratio of 28 gave epproximately th: ease high : : i> Vee 
' fracuency resporse a3 a corn ged tzve kaving an Ey of 150 oersteds and ¢ is : ! 
Y By to Ry ratio of 5.4. In gonerai mn high coercive force i3 doatredle in 
ay & argaetic racording medium, but thie value is limited to about 40C oereteds. Te, 
Le because of the cifficulty of producing sufficient MMF in the hoeds for : 4 
.F eraving end recording. ¢€ ’ 


3 ; Operating with optimin valuos of signal and dias curronts for good : 
= 2 high-frequency responees, it vag found that the best vowder-conted tane sae ono 
obtained from Hinresota Mining and Manufacturing Company and the beat eolid 
metal tapes wers Vicalloy and the Brush Development Compasy's plated tare, ra, 
the latter two giving approximately equal results. The Vicallcy tena is a = nae 
honvjengoug matal, whoreas the Brush Plated tave has « thin raznatic plating ; i 
on @ brass strip. Agsuning a minimun signal-to-noise ratio of 25 db as a 
dofining the unver freque.cy limit of rocording, 1t was observed that the . 7 
KM pouderscoated tave allowad a raxiwum of about 1200 cycles per inch of tape, Bs 

while the Viealloy end the Brush plated tape each allowed ebdent e800 cyclas per 
inch, ion 


Pocennsiy$iona for Furthos Reperirental ort. | a 


4 Tha beat mothod for BSilizing a magnetic recording medium for storaga 
‘ of information mist be deterninsd by further rosearch. Since the sveed at which 
» the modiunm 4a driver governs the rate at which information can be recoried and nd 
ie) removed, thie cpted should be as hich as possible, The linit in this respect 3 
would be set by the mochanical considerations of etrongth of the mediur, wear on 
oa tho hoads and on the modium, ond maintenance of uniform contact between tha od 
hosds and the codiwa, Based on reports of work at other institutions, a speed ! to 
of 50 to 100 feet ver socond shovld be practicable, 


Puloe siemals instead of modulated sinusoidal signals yhould be investi- “ 
. cated. It fa reasonable to assune that a discrete nmulse can de recorded cn the me 
iT cane length of tov0 or wire that vould be requirad for the rinimum nucter of . at 
;. cycles of @ sinusoidal gienal that would excite the circuits of the reading equip rs 
meate On tha tanig of the rognponge figures stated above, about 200 puless per. 
tach wight be recorded. In addition, the use of pulse signals vould ematly | 

sicplify the design of the recording and reproducing circuits, 


; Hoang for improving head dasetgn. should be studied. A determination of 
the leaxago fleld araund the recording hoad would ba particularly helpful in 
selecting the core raterial ond method of core construction. \For high-sceed a 
operation a ring-typa erasing head could not be uscd, so en alternate tyuva _ 
would have to be deotqnod and tested. The windings on the ~ecording and play- : 
tack heads also vould hava to be Gesigned forthe high frequencies or short ers 
rolses used. p 


Multicknanal recording on a flat tave 1s feanible, and Dogsible annli- . 
catjons of thie rethod of recording to commuter Problems should be determined, aa 
Ey vaing heads with thin Cores, the dagirog narrow recording vatha may de 
r oy obtitned. Ina comercial dick recorder manufactured by the Brugh Developnent ; 
‘real Company a sviral path is weed, giving the equivalent of 40 channels Yer inch. BE 


4 


Repevt 2-14: -- , ; ‘ — Pepe 4 
Means for locating ©. varticular nieer of recorded informe:tion are 
essc:.tlsi in commuter annlicetiong. This wrotably will bave ¢5 de done by ° 
reccrcsi marking and synchronizing, signats which eovern the driving mechan-~ 
fem The way in which this control may de cbhtained 18 a probdlen in electrical 
and mectznical design which mightbe solwed by the avvlicatin of servomech- — 
anicr trinciples or by a auitabdle arrangement of clutches. Multicnannel a 
recorcing offers certain edvantaves over single-channel recoraing in the sol- 
ution of these problere: with miltichannel recording more informtion een ve 
storec on a given leng*h of the medium, so that less movement of the medium is 
required to locate and --enroduce the inform tion. 


DISCUSSION 


The Natcre of a Nggnetic Recording 


$ A recording on a magnetic medium euch ae a wire or tave consists of 
variations in the intensity of magnetization along the medium. Thess variations 
in intesedty of magnetication are usually produced by drawing the recording 


nedivn 2t a uniform sneed pest the ole nieces of a recording head and varying the 


magnetonstive force of this recording herd in the desired manner. To renroduce 
the reccrding, the medium 4s drawn vast the nole ni-ces of a nlayback head, and 
the chaz of fiux linkazer induces a volt-ge in this head corresnonding to the 
signal issressed on the nediun. A recoriing my be erased or removed from the 
medium gicmly by vasaing it either through a strong unidirectional magnetic 
field which enturates cll norticns of the medium or by naseing it through a 
etrorg aiterneting field to demagnetize it. A comparigon of these methods of 
nraning will be mide in a following section. : . 


froen sf Fametic Recordings 


I> enetic recordings tay bs classified into three tynes denending on 
how the =-enetising field 4s auplied to the medium: (1) longitudinal, (2) ere 
poudicular, and (2) transverse, ia which the menetizing HMF gradient 1s res-_ 


Heetivelier alamew thea Dam nth f thea 0 38 coun ane the thicknss 


Ce vernay SaSRS wt sength o BGs GG, along wri RGSS dinsnsion, or 
along th= width dimension as shown in Fig. 1. For a rowmd wire, nernendicular 
Gud trancrerea recordings are, Of course, identical. 


Zyoes of Erad Congtruction — 


In order to evaluate these tynes of recordings, some knowledge of — 
recorcins and nlayteck head construction is necessary. A few general tyes of 
core construction are chow in Fige 2. It is seen thrt theee may have onen or ' 
Closed ma metic circuits end may have nole tins on one or both aides of the mediun, 
the ceaicis of Figs. 3(a) and 2(b) ero annlicable to transverse ae well as 
pervencssular recording merely by changing the orientation of thea nole nieces s0 
that t=or contact the clzes of the medium rather than ton and bottom. ‘The ‘ 
Gesigms of Pigs. 2(2) ena 2(d) may also be used for longitudinal recording by 
cshigtic= cue vole vileca flightly along the longitudinal axie of the tave as in 


Pig. Zt). The ring trove core of Pie. 2(c) is used primarily for longitudinal 
mgnetisatioa. 


Comwaricsn of Types of Recordings ond Pyoan of Heads 


Lonzi tudinal kagnetization 1a used almost exclusively in present-day 
magnetic recording equipment, The chief reason for this is that the ring-tyne 
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core vith a very small atr gan ellows a signe! of shorter wavelength to de — 
recorded and ressoduced than ig vossible with othe: tynes of cvve construction. 

An cir-gen length of 0.0005" 15 easily obtained with ring-tyne coreg, For ; 
vernendicular or transverse recording, core construction of the tynea of Figs. 2(a) 
and z(b) 4s necessary and the shortest wavelength thet can te vecorded is, to a 
first annroximation at least, limited by the thickness of the vole nieces. To de 
mochenically rigid these vole nieces must be of the order of a few thousanths of 
an inch thick, a9 the shortest recorded wavelength is several times thet obtaine 
Sble with the ring-tyne core. This conwarigon ic evident fron Fige. 3(a) and 3(e). 
The fact that soiid netal recording raterials are more easily vagnetized in the 
Qirection of rolling or drawing and thet the ring-tyve head allows easy removal 

of the tane or wire and does not require adjustment are further reasona for the 

usc of longitudinsl type recording. Froma practical noint of view, a pervend- 
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iculer or traneverse recording in the cage of a wire recording material 4g ruled out 


by the tendency for the wire to twist &s it is drawn past the heads. 


Mathcds of Recording. 


The residvsl flux which constitutes the recording on & mametic eaterial 
ie releted to the Xf of the recording head by the familiar B-A curves of that 
material, ao this relrtinn can be considered linear only over a restricted rangé. 
In recording eysters where amplitude distortion of the reproduced algenal must de 
keot to a minisun, it ds necesotry to use a "biasing" MHF in the recording process 
to ensure that the desired lincar transfer characteristic 1s obtained. Prior to 
about 1942, the recording method in use emmlsyed a constant unidirectional biasing 
MIP in the recording head end ea recording mediua that had been saturated in the 
erasins: process ty @ wiidiroctional magnetic field. The erasing process leaves ali 
nortions of the eediium with a flux density Bp as shown in Fig. 4. The biasing 
MMP ia of the nrover menltude and direction to reduce the flur density in the 
portion of the medium at the pole pleces of the recording head to the value indi« 
cated by noint P of the hysteresis loop of Fig. 4. Ifa signal MHF, H(t), is 
sunerimposed on the biasing IfF, ip, the emount by which the flux density of a 
eiven element or the medium is reduced 4g determined by the tetel MMF 42 ths. 
recording head at the tira that element is at the pole nieces of the head. If 
the ainirun MHF fe sl and the maximum 4s H., the flux Consity of successive ele- 
monts will be leverdsd to values correcnonding to voints detyoen M and Won the 
B-i curve of Fig. 4, When the tane elements leave the recording head the eonlied 
HUY drovg to cero and the reaidval flux density rises along minor hysterasis loons 
to corresvcnding values betveen HM!’ and Nt. By »roper choice of biasing MMP and 
signal acplitude, then, an eporoxirately linear relation between signal and 
recordda flux coy be obteined. : 


About IN2 a recording method employing a hizh-frequoncy or suversonic 
bins waa adopted. This method nermits recording on a demegnetized medium, so that 
the coise lovel of the outont ig euch less than for a saturated rediun, while the: 
maRimg gignal azolitudes aro atnroxinately eav2l in the two casos. This inprove- 
ment in signol-to-roise ratio has resulted in alnast universal adootion of the 
high-freavency dias where ninisun non-linear distortion is desivod. A sienal-toe 
noice ratio of £9 cd with oaly a few nereont distortion is nraciicable with this 
method of recording. Bias freavenctes veed in commercial sowid recording equive 
ment are in the range froma 20 k¢ to 60 KC, 
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a cerplete sheer of recorcia: of © megnatioc medins ler tae high- 
iveiueney bine method kas not deen published. Suci: 2 theory vevl: involve 
conciderstion of magnetile ebin effect, the Finite victh of role pleces o¢ 
recording alr gern, demagnetization in the medium, exd lealnge fluz about 
the recording head. Rowever, a cuelitative exvlanntion of the receréing 
orocess noglecting these cfiects iv easily mee. Assume & bias Zrenuency 
of 30 KC, a sirnal frequency of 1000 chs, a tene greed of 10"/sec, and a 
recording air-gav width of 0.001", For this case any element of tho 
recording medium ig dn the recording gan for 100 qsec or 3 cycles of the _ 
biae MMV. The total MMF avnlied to an element of the recording medtum ie the 
instantaneous sum of the signal end diag MHF's as shown in Pig. 5(a). The 
bias MMF amplitude is annroximtely that reoulred to just nas the. lower knee 
of the magnetization curve. An element of the mediur in passing the gap of 
the recording head, then, 4s subjected to an 220 which forces the flux dena- 
ity in the medium through a series of minor hysteresis loone as ehown in ears 
Fig. 5 (c), (a), and (0). These figures are for elezonts of the medium that 
enter the gan at times ty, to, and t, resnectively (see Fig. 5 (b)). Upon 
leaving the gar these elements have fesidual flux densities of i B, and 
3B. ag shown in the figures. The effect of this high frequency bias fe to — 
remove the curved nortion of the nenetization curve at the origin and give 
& linear relation between signal MMP and residual flex density. It should 
be vointed out again that the preceding exvlanation is incomnlete since an 
accurate plot of residual flux density against signal MMF would ghow & com 
vonent of the dias frequency present. In practice this ig not observed vrin- 
arily because of the effect of demagactication in the codiun. This offect, 
which will be discussed later in connsction with mgetic properties of 
recording media, causes elemen$s of the mediun heving a length that 4s emall 
compared with thiclmoss to be brought to essentially the sams residval flux 


density, 20 that the bias-frequency component ia lost. 
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The reproduction of a signal thet has becx recorded on a masmetic. 


medium 19 essentially the same for all tynes and methods of recording. The 


types of core construction shown in Pig. 2 apoly to tlavback ag well ag 
recording heads. Yor a given system the orientation of the nole pieces or 

the alr gap ehculd corresnord to those of the recording head so thnt a maximum 
nunder o1 flue Unkages through the pLeyback head wisiing will be produced by 
the residual flux from the recording medium, It hes been found thet the ring- 
type core te surorior to other tynes for nlayback hezd3 for the eamo reasons 
a3 for recording heads. ‘ 


Erasing 


Aa has decn previously manstoned, a recoried signal my be erased 
either by saturation or by Comacactiention of the recording mediwa. Saturation 
43 casily accocslished elther with a nernanens mamst or with an electromamnet 
of a tyne sinilar to ona of. those of 4g. 2. Yor this burpose, of ccursé, 
Reitaer morrow pole vleces nor a chort air fan ia neezasary, An obvious mathod 


for deragnetising a recording medium 49 to nasa it through the center of a coil 
in which alternating current ia flowing. This method ts not generally used 
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however, because shielding of the recording and playback heeds from ths 

: higa leakage field becomes a nrobdlen. Present mractice fs to use a closed 
{ ecre ag shown in Fig. 2(c) having an air gan of 0,010" to 0,020" in cont-ct 
with the recording medium. A high-frequency MG of sufficient era nituie 

to reise the flux density of the meiium to saturation is annlied to the 
medium while 1t 48 paesing thie alr eape As the tane lesves the gap, the 
flux density 1s effectively reduced to zero by th iamsietizing effect 

‘ Rontioned in connection with the recording procene. 


Froouency Ro goonce of a Marnetic Recording System. 


It is very difficult, if not irvossible, to coxpute theoretically 
the frequency rospunse characteristic of a Given magnetic recording system, 
if it could be assumed that a ccastant current in the recording-head winding — 
vroduced @ ccastant megnetising 17 snd hence a constant residual flux dens 
sity for oll frequencies, thea the voltage gsnerated in a ring-tyne playback 

head wader ideal conditions would be 
a ; a 4 


i | ee rd at 


Ky f 4 cos ot 


(p sin wt) 


Se 


Thla corresponds to a straicnt lines rising 6 db ner octare when output voltage 
in do is plotted acainat the log of frequency na shown ty the broken line in 
Cc Figs 6. Tho actval regspones from a typical recording syaten for a constant ¥ 
recording current falle below the i¢cal resvonse both at low frequencies and — ie 
at high frequencies as shown by the coldd curve of Fig. & The drow at ths aN 
low-frequency ead occurs when the wavelength of the recordsd signal 1s com- 
paradlo to the vhywical Cimensione of the nlayback head. Ey reference to 


Biga, Ws) ond Cb), 4t 4a seen thes chan ths recording sedium 43 in a positgon | 


to produce the razdenn 2) throug the vlayback head, only a fraction of the 


total flux links the windings for leng wavelongths while subdstantiaily all of © Oy 
the flue links the windings for short wavelengths. This resulte in a decreased ae Hast 
outnut voltaze for very low frequaactes. Ms 


The drop in output ot the high-frequency end 28 due to several factore, 
the wa jor cnes baing dazametigation in the recording mdina, leskaze field ee 
about the recording head, and the ecenning offect caured by the finite width re 
of the air ran in the viavtack head. Kagnetic skin effest in the recording = 
mnediua and ec¢y currents in the core of the nisytesk heed may also contributes - a 
under certaia conditions... 


It 19 well known that as the ratio of the length of a bar magnet to = 
its thicknons cscreacoa, the field a% ono end of the renet due to the pole at . ‘ 
ths other cxl facreasea. This "selZ-denametiention® receseg the total field 
i strongth. At high frcqussedleg, thea, when the half-wareclength of a recorded 
wigaal aprroaches the thickness of the modiun a sinilar condition exists where 
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vhe ssetlon of the aed2um a aalf-wavelength long ts considred 8 an , 
individual magnet, For a naznetic tane 0.001" thick running at 2 sneed. 


of 29 inches ner secend, the freouency having 2 half-wavelength equal 
to the tape thickness ig 5000 cycles ver second, 


A continuous recording of a sinusoidal eleral may be cousidered 
&s & serie. of magnates each a half-wavelength long with like noles nlaced 
next *o each other. For this casetha field at any point 1s a resultant of 
the field of all megmets in the vicinity. As the length of those magnets 
decreases, the influence of neighboriny magnets becomes more vronounced 
and raduces the effective field of an individual megnet. The magnitudes 
af tuese dom gnetizing factors are aifficult to calculate since they devend 
Rot only on whysical dimenetons but also on the distribution oz the magnet- - 
ication and tho megotic Proverties of the recording medium, However, it 
can be shown that rateriale of high coercive force and low residual magnetism 


suffer leas conmymetization tian materiale of low coercive force and high 
residual magnetism. 


The flux that enters the recording medius from a ring-tyne recording 
heed is that which fringes the air gad. In the ideal case this Zlux enters the 


core m terial having a high-eaturation flux density and recording with as low 
on PF as nosstdle helvg to minimizes dexmagnetization ty this leakage field. 


The decrenga in ontont an frequency is incree $ 25 caused by 
the finite width of the air gan in tha niayback hesd is readily commuted to be 


the function s 
saintly » . 


ya 


where $ ig the gan width and \ is the wavelenrth of the recorded signal. The 
logs due to thig effect, however, is a onall vart of the total lusa. For : 
excimle, a sigial of 10 KO recorded at a aneed of 10*/eec hee a wavelength of 
0.001", and assuning § = 0.0095" the value of the stove function is Be or about 


4db. The total loss wader these conditiona ie normally several timas this 
value, 


The effect of eddy current set u> in the mpnetic nedium during the 
recordings process and in the Core of the nlevback head during nlayback have not 
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been evaluated, If the me-ating sneed is such tht very hizt frequencitag 
Aare recorded, it is recem-ble to agsune thot some loss in aiteut at bigh 
Treauencies occurg ae a ~gult of these eddy currents. Ths ccres of nlay- . 
back heads ere usually luninated to minimise eddy current losses in the 
renroducing process. Cf ecuree skin effectat the bing frequsescy limite the 
nenetration of fluc into the recording medium, but this causes a decrease in 
output level for all sient! frequencies and would not affect the shape of" the 
Tesvonss curve. ei: 


Requ'rementes in :. Memetiz Recording Sveten, 


; The dealyn of # comlete magnetic recording syetem involves consid- 
eretion of many factors. Certain Droverties in the recording medium, the bead 
and the drive mechaniem eza basic reouirements, while the mterinlg used, the 
actual form of the eoulomct, and its onerating speed are desermined by the 
Darticuler emmlication fer which the system ig intended. Fron the information 


contained in the preceding discussion it 4a voseibdle to enumcrate some of these 
requirenents, 


” 


High coercive frece and low residual magnetiem are essential prop- 
erties ina Tecording mocium where maximun high-frequency reeronse or good 
resolution of pulsed siguzls ig desired. Nowerer, in practice coercive force 
is limited to 250 to 400 :eratedg by the difficutty of obtaininz sufficiently 
high mgnetising fields 42 the recording head without excessive leakage flux. 
The value of residual fagtatisa algo must be sufficient so tt a usable output 
levcl is obtained from the nlaytack head. Reducing the thickress of a tape or 
the diameter of a wire de=zcsses the demegnetization of a recorded stenal. The- 
limit to reduction in eire in this respect is set by considerstions of thechane 
icai strength and output as7vel, High resistivity is another Gosirable vroperty 
in the recording modiun. Eigher resistivity reduces the magnetic skin effect 
end allows greater venstretion of flux in the recording process, Tho choice 
of solid metal or nowdere’ materiale and of tane, wire, cr disc form devends on 
the narticular annlication of the system. Solid matal mterisls are mechon- 
ically otrong and oxerience little wear with use. Powdered materials coated 
on @ euitadle backing give better high-frequency response, bat have a low 
output and wear out after = few thoueond nisyings. Wire occuwies lesa pace 
than flat tane whea wound cato a reel so is advantageous when a long recording 
time is desired. : ; 


Tt 4s evident tirt for the core of tho recording head a high-pern- . 
eability material should t= used, In narticular 4t should hava the hichest 
saturation flux density nsrsible Along with a negligible resicual magnetism, 
It mast algo ve of laminat+d construction to reduce eddy current effects 
particularly at the bias fesquency. To facilitate wining ef the coils on 
ring-tyne heads, the cores ara usually uade in two parte, and tha faces on ~ 
these two parte are éround to give a good fit on assembly, Fo spacer ig used 
in the recording gen if mrtmmn high-frequency response is desired’. The tyne | 


found on commercial recortiag eoulvment, the former type being coupled directly — 
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trancvormer. Where high dias and eiynal frequencies are emlo;ved, transforrers 
generally cannot be used. Farthernore, care mst de tekon to keep distributed 
caracity in the coil to a riaicum to avoid resonance efrects withic the oper- 
ating range. Sovarate windings for the bias and recording signale may be 
utilized, and have the adventa,‘e of more simple auplifier design when economy . 
of tutss is not important. : 


The core cf the vlayback head should satisfy the goneral requirements 
of low lors ond neglizible recidual magnetism as in the case of the recording 
head. However, ite imocrtent cheracteristic ie initial permeability, which 
should be as high as possible. Although best weults would be exvected from a 
mAcnetic circuit heving a single air &p, it ie more practical to divide the 
core Os bag been deacribed for the recording head. Symotry in thr core and 
fa the windines placed on the two halves gives the further advantac> of less 
vicinm fron extranoous mamuntic fields. In any case mguetic shield‘ng of 
the playback hoad fe eescntial, especially with low-output-level recording 
media ecch ag the powdered satertale. A hipheirpedence winding to connect 
Qirectly to the grid of the vlsydack amplifier ir usvally satisfactory, although 
® loveirpedence winding and stopetp transformer may be desirable if the head ig 
very crill or if tho core has been formed in one niece, 


Tha requirerants for the core material of the eraging head are ident- 
ical with thore of the recording hoad. Its features of construction are also 
the sn=9 except that a ero of 0,010" to 0,020" 49 nsosorarvy, Its winding should 
de desicned to odtain a saxicus power transfer from the erasing explifier. 


For faithful rroroduction, the Tocomiing sicdium should pase the 
recording ond the playback heads at as marly a constant cpe*ed 2s Possible, 
since fluctuation in coset vill couse variations in both the amplitude and 
the freaucacy of the reornérced olgnal. For thie renuon somo type of friction 
driva fouccd instead of €°3rs or tbslts. Usually a mactanical filter arrangentat 
such @e a rebber-tired idler eacaging both the rot-w shaft and tho rim of a 
flyvheol on the drive obsft is incorporated in the epecd reducer design. 


f 
Tan choice of the form of the recording redium determines other 

réquiresenta in mechanical construction of a recording system. For long re- 
cordines on tipo, cultadle resla and a rewinding technica are necsoseary.-. This 
Glco apnifcoe to long racordinga en wire, but in this casa invel-wlnding devices 
to prorent traching of the wire on the reels mat bo provided. For reccrdings 
of @ few seconds or logs a ceatinvous loop of t2po or wire nay be forned and 
Poorsd over a cexvies of pulleys; a disc of tametic material nicht aleo ba used. 


Sirce eligat varintions in the contect totivccn the recording mediue 
@nd the recording aud playtecis heads will canc> coneiderobdle variation in 
MmMLLtv'’s of she rensorerse } elral, the meddws cst to Cuiccd’ so that these 
do mot ecere. Monally drrorteat for co0d hirh-frequcacy vernonge Ia prover 
Qlisarcnte of the recording sad playrack games. Loth Copa skovld moe the sane 
avsle with the direction of taps moticn, Ffincs for high frequencies the waves 
leagth ea tho taps cporoacss the order of tamitude of the gip wldth, a emll 


- Giffercnce in these anslog vill cause a substantial long in outtut. The 


“ifficulty of maintaining this fdijustcent fa ceccsreial eouipaent Drevente 
the use of wide cores to increase the signal level from the playback head. 
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The general features of the recording svatem destmoad for expert-_ 

i mental purposes in the Center of Analysts le voratory are. chown In Figs. 9 

tes and 10.. The bage and front are of 1/4" aluminum and of standard panel width 

I; for nounting in a rack. The pulleys shown will accommodate loops of tapa 

from 54? to 60" iong and up to 1/4"wide. A brass idler ~™lley mintains 

i tencion in the tave. The mounting nlates for the heads may be tilted in any 

i direction by thumbecrew adjustment. They also may be raiged and lowered and 

t rotated about an axis pervendicular to the tape. This flexibility in the haad 

f mounting sllows dirferent sises and types of heads to be acsoted to the mchine, 

t The drive shaft ig mounted on bali dearings with the drive polley on the front 

and a brase flywheel behind the panel, The drive pu'ley ts turnod by friction 

datween the flywheel rim and a rubder-tired vheel on the sotor shaft. The 

botor 18 a 1/125 HP d-c rotor with eplit rield windings. o obtain an adjustable 

i spsed over a wide range by field control, the field windinss are connected in: - 

perallel to @ 220-volt line throuch ealtable rhcostats and the armture is 

{ evorlicd froma 110-volt lino. ‘There ere two rabber wheels on the motor shaft 
eo that two rangoa of speed can be obtihed by shifting the sot>r to engnge one 

or the other wheel with the flywheel. By thia arrangement the epeed may be 

adjusted froa socut 3.5*/sec to G"/sec and from 11"/sec to “5*/eec. The spead | 

F coatrols and en on-off evitch, a9 woll ag input and output pluge, apnear on 

the front penel. 

4 


A ocheratic diesran of the comlete recording system 19 eho in 
(C Fig. ll. Tho arplifier circuits aad head Construction were changed from tine 
as to tins, and space does aot perztt a descriptioa of all the designs tested. 
Those chat wore used to odtain tie curves included in this report, howaver, 
will de described, 


fhe erasing hcoad has a cvlit rinug-type core of 0.005" x 1/4" Riversi2 
laminations stacked toa thiclmons of 1/84, the laminations baiting perpendicular 
to tha radial direction of the cory. This core wag obtained fzon a Raytheon . 
UX-7360 puleo troneforeer. The head has a single winding of '26 turne of Noo 25 
Wire and a working air ¢39 abent 10 ils, wide. At SO XG this head has an 
inductance of 3.2 rh and a Q of about 5. 


Tho recording hesd is aleao of eplit ring-type construction but is 
sada of 0.005" 4.79 Ko-Yerzalloy leminations. In this heat tho laminations © 
ara parallel to the radial direction and are stacked toa cezth of 1/8", making 
the face of the hcad 1/8" wids as corpared with 1/4" for ths eraeing head. The 
leninations are shaped so that tho width of a lamination tarers to 1/16" at the 
working gan as show in Pig. 12, wo wintinss aro placed on each half of the - 
coro, The oignal winding ceneLats of 26 tucns on cach bel? cr a total of 52 
turis, and the biag winding 159 turns on each helf or a toil of 200 turas, 
Euaber 23 wire is uned for all windings. Since the faces of the cores vere 
around to G Closs fit, i$ fa eaticcted that ths vorlling cep ef tile head 4s 
lesa than 0.0005", ha bing windieg hae an tnluctanee of 6.3 mh and a Q of 
about 2at BOK, The eimal wiodlug hae en indectange ef 4104h at 1 KC, 


A ee Ne Bg 
ae ae 


‘ ~ ‘ ped we A ake BT “Aa hl 
eke a PaaaL2 batman le ana SSN nt cm aa lata tat of 
a EiaamenaEes : laut telat su L alias oe agate tay i 2 
fend eve at fe Stewnlin ia cae at aS eth 
Tee oa harem aws be Bache vein 


ter am 8 oe peace ane wee ‘aint eas <a GINO degenerate 
- " 2 
n Paes. Haale hes mney 7 a ead 


Sen a ee a nt ne ri 


e , 
TEN Benen mm kh 28 a = Bre is SeS  r aaae t nce AL D ee ae ee cermmceentat tela 


‘ 


Revomt R-1ca Page 12 


The playback heed te a Brush Devslopment Comoany tyce BK~919 hend, 
2t 8 a core 1/8" wide of taninations approxizrtely 0.015" thick and is mounted 
in a molded bakelite holder encayed in a magnetic shield. The core is 2 split 
ring type with a winding on each half. The two halvea with their ‘aindings are 
fyacetricel to reduce nicku from extraneous fields. Data on the number of 
turas of the windings ig not available, but the meaoured inductence 48 300 mh 
atl xc. 2 


As can be seen on the diagram of Fig, 11, four separate amlifiers 
&re used in the comlete recording systems for erasing, bias, recording, and 
playback resnectively. Cireuit diagrams for these are shown in Figs. 13, 14, 
15, end 16, ‘ 


The eraging amplifier, Fig. 13, and diag anplifier, Fiz. 14, are 
similar; they consiat of an inverter stage driving a push-pull power amolifier . 
stage. The plate loads of t2s28 nower stezes constis¢ of the windlags of the 
reguective he-da tuned for rerallel resonance at 50 KC and couvled to the plates 
of the tubes through sultctie conCangera. Tha erall resistance in serias with 
t’e diag winding trovides a acna of measuring bias current. Maximum values of 
59 aa erasing current and 25 ra dias current were reauiree for tha heads used, 


Ths tecording arcittier, Fig. 15, also consists of an inverter and 
Dusepull vower amplifier tet gs counled to the signal winding of the recording 
head throuch a tranoformer. 15 wag Cosignod to nrovide a conrtant current of 
20 EA Ei, throuch the wind!>s for cougtant innut voltage over a frequency 
rance of 100 to 15,000 coe. “29 doetrad Conat«nt current characteristic 1e 
obtained by providing a neritive facdteck voltsge nrovertionsl to output current. 


f23 vloxvtack aroliNles, Fig. 16, fea tro-atage R-C coupled emlifier 
having en GoGcasially fint frcurrncy yveoponse fron 160 to 18,000 eps. To prevens 
the anpcarance of exy 60 EC w:ltoso from the erase or dias ficlds in the amli- 
Tier cuit, a iov-paga filees with eutort at 20 EC wag adlod. “th this filter 
the explifler resscase at £227 49 50 db below that at 18 EC. Its gain at 
1000 ¢53 49 25.3 times or 28.%$ dd 


ROE Lof Toots on Senowti-- x. Seetems 
“ith the recording eaulement described above tests were conducted with 
eix difforont recording midis to ovalwte the nerformance of the enuinmont-and 
deternine what factors reouirs? further ényes tigation to improve high-frequency 
TOspc3uad OF renolmtion of Giccrete sicnals Tenreconting coded information, - Up 
Co the peenent tine She data cliained da dnouffictent to allev conclusive state~ 
Renta to bo rade recardipgs ecu Youtures ef the syoten and racording media. 
Certain results hevover are gionificans, : 
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Ths recording mecis. ugsd in the tests vere e212 of tape sor and 
included beth powdcrei materislg and solid metal, one cf the latter being 
in the form of a nirsing on & dbrasn tane. Thousa tanesa wera the following: . 


DESCRIPTION 7 SOURCE 
Le Vicalloy Solid metal Bell Lats, 
2. Steal Solid metal we: Cut from a sheet 


found in lebvoratory 


3. Brush olated Solid metal Brush Zevelupment Co, | 
Plated cn drags 


4. Oe Powder coated on ‘Minn. Kin'g & Mfg.Co. 
celluloses acotate ; 
fiir 
5. Brush vaner Powdr coated on Brush Tevelooment Co, 
- naner 
6. Rrfluy Powder coated on Indians Steol Producte Con 


paver a 


Drawin.s showing cross-sectional dimensions of these taves and the: magnetic 
materials in them are presented in Fig. 17. 


Fyetcros\s loova for each of the materials in teca form for a €0 cps 
angnetisine force wera obtained by means of the BeH curve tracing equiprant 
described in the Aporsitz, From these curvea the following values of coercive 
force and residval flex density were dstermined, 


TRSCRIPTION © GOTRCIVE FORCE (Ha) RESTDMAL FLUE DEustry (2) 
—(Orsmps) (cass) 
1. Yicalloy 225 ts | 5000 
2. Steel a 6700 
3, Brush plated 215 ic 6000 
4. 345 ‘, 750 
5. Brush paper 130 - 700 
6. dyflux (2g0)* (2400) 


* for peak MMF of 1200 cerateds, The magnetic mterial in the 
Hyflux tane has an ezcemtionally high coercive force and the available magnet. 
leing sauintent would not produce sufficient MiG to saturate it. For thig 
reanon the figuros given above for Kyflux are not the true valueg of Hy and 
Ba bat re somewhat lover. 
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In Figure 18 are shown the complete hysteresis loonr for these taves { 
ell drawn to the same scala. These curves and the tabulated valueg of A, and " 
By obtained from thes sre inelded vrimarily to show the order of magnitude. . i 
of the cuantities baing considered. B.catse of limitations in the test equip- 
ment, evurces of error exist which have not been measured precisely, From 
correlat?on with knowm values, however, it 49 estimated that the errors do ; 
not excoad 10 percent, 


iN I 18 Di i 


All of the tests performed on thé recording oquivment were at a tape - i 
epeed of 8" Jase, which of itself impoged an unper frequsacy linit of about 
10,605 cps on the recomiing, This was done to reduce tepe vesr, reduce ' 
explifier degiga vroblens, end alloy uso of & lover bias frequency, Neglecting 
séccad order erfects, the shane of the frequency response curve is a function ‘ 
of tang wavelength rather than actual frequency. Therefore, tests taken at a l 
low epeed were considered to be indicative of eysten performance at higher | | 
epeeds. 
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A frequency of 50 EC was used doth for bias and erasing. Itwas _- | 
abeerved that for ratios of dies frequency to signal frequency of less than 
6, ncdulntica effacte eccurred, causing distortion of the outprt signal. 


As might be ercected, the mazisum level of the recording gienal for 
aistortionless recordiss varieg “ith difforent recording modia, with blag 
auolitucs, and with recoriing frequency. In the teste to be described the ae: 
recording eignal level wag kept cufficiently low to avoid serious distortion ~ 
fron any of theee causes, ; 2 


Comearitive rsmense curves for the six recording madia with aporoze ° a 
leately their norcal valuss of dlae current are ehown in Fig. 19. The gcneral ~ - 
ehane of each curva corremonie to the typical recnonss af Fis. 6 hs sutput ——} 
levela at low frequeacios to a first anproximation are the comprn.tive signal ‘ 
lovele that can be exrsctod from the different ucdian, It can de secn that there oS 
tien direst relationship tetwsen theco levels and the respactive values of : oan 
previcunly tatulated, Cha curve for Bruch plated tave docs not chow this 
Girestly cince 1¢ is a norrow tape brving @ width roughly 1/10 tiat of the 
recording tath ea the other tanes. Rovovor, olucea tho tigzal-to-noisa level 
46 10 revirately the ears for all media, this differcncs in outpet leval at low. 
frequenczica can be cerzeneated for ty propor amlif‘ers. Therefore, it is the: 


* 
RT me RS Se aaa a Fe ne wee as cede eae ae eee. 


4, frreowney or nore accumtoly the wavelength at viteh mxinun responses occurs and | is 
\ ths olons of the reeponea curve for high frequencies that indicate the corit Bo 
5 of tha vacording oystete ; ce 


49 has been vointed ont vreviougly, domenotization in the tape and 
leriaze Plug at tho recording bead ara principal factors causing the decresse in 
FOCTUAS OF pLoIrt savaleostha, Since the dcomametication factor depends on . 
ths Dy ratio, as would be exnected there 4a e correlation between tho froquenclag 
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at which maximum resnunse occure in Fig. 19 and the shane of the BH curveg 
of Fiz. 18. The steel tape has the higtost BR ratic and lowest roximum 


c 
reanonne frequency, while the MHM tape hag the lowest By ratio and highest 
‘maximum-res-onge frequency. ‘ HS 

The magnitude of the dron in high-freouency res-onea caused by 
leakege flcr at the recording head 18 not evident from the reeoonse curves 
of Fle. 19, However, the effect of this factor is illustrated in Fig. 20 
and el, which -re resvonge curves for two recording media for differant 
Valuea of bias current. For the higher valuos of diag current, or recording 
MHY, the naxisus-reoponee frequency is lowered and the response curve falig 
More repidily with increaging atynal frequency. af 


Sons information on tha variation in frequency. resvonso wi th changes - 
in bias frequency was also obtained. The testa which were mde show only a 
Comparison tatveon blag frequcneleg of 50 KC and 140 XC whore the ragni tudes 
of the reepestive diag curreats were adjusted to give equal outvouts for low 
slanal frecueccles. Figure 22 shows thr recults for the Brash plated tane 
and.the Nici tape which ere tyeical of the rasults from all of ths taves. A 
slightly hirzer outmut was obtained for short tavelengths signals with the 
higher bias frequency than with the lover bias frequency. Tho reason for 
thig is not ksoum: whether it 1s a function of the skin effect in the tape, 
the loatrsea flux Qlstribution in the recording head, or tha mechanism of tha 
recording arscous as diecussed ca pages 7 end 8 want be determined by further 
Shoe hnoaiatior, 


Sigon trite iors for Purthor pmortrenta A Morte 


Tha tat rewalte thet haves hoen eiscnusecd in the preceding Feragvaphe 


point out a losk of Infornation ahout scver:l factors in the recordine process 


And susrest coms chances 4n equivreas Gasicn Lor ctuiying storage mathods. 
The Eos¢ otvious fault ia oxcecaive leatkoso flue about the working g20.0f the 
recording heti. A core ratertal euch &8 persencur which bas a very high 
eaturation fiuz denaity should bo tricd, end the tins of tho core might be 


shaved so tht thoy contact the tara only at the ean. This would f£iva a sory 


weat loncer :2th for the unwanted leskava flur, Tie effect of Grtanding end 
volishing after heat troatzent oa the Derzcabdility of the core tivs is not 
kiowa, €9 a orang for accuzate asternination of flux distribution eround ths 
recording co would be very beceficial in the design and conatruction of 
recording heads, . 


Since the epeed at which information ray bo recordsd on and read froa 
& Gognetie etoxage madien depends on tha specd at which the zediun ig moving, 


teats should t3 conducted to dstesmine tha oract£ wal liste on overating apesig 
ond the recotis of Pecording at such sosolo. It 19 ostirated that these cese2s 
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Hlenb ba of ths order of rapnttuds of 100 ft/sec. Such hich eneadg would roqrirg 24 
& recnekga of the orssing kead ag wall ag the recording end playbacts heads. St ie 


thase svecds ex erating Leequeacy thrt excceds ths hichost that copld be rae 
corded would oo} bkave sufficient nonetration for comlets erasing. Far this 


rCAGGA, ETAsive or deragnotircasion of the s2dlun would hav- to bo accorplighed aa Zl 


ty a@ lew-froccacy ¢ecaying ficld euch 49 would be obdtainod by Passing the vire 


or tepe throw the center of on Glrecored coil, For hica ezecd overation, 
of course, the recording end playback herds must he designed for the high 
fraquencies or short nulees which would be used, 
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Circults for supplying and reading the coded information to de 
sto.ed should be built for use with the racerding syatem. Altiuouch little 
information 13 availabie on techniques of recording pulae signale, it is 
reasonable to agsumo that the length of a recorded pulse on the medium would 
not exceed that requiredfor recording the minim number of cycles of a 
Sinusoidal signal that would excite a tuned circuit in the reading equipment 
fo: the latter type of signal. Thio fe assuning that elmusoidal signals of 
tyo diff-rent frequencies vould be used to repregent the two binary digits 
and that the reading equinment would contain filter circuits fur oeparating 
the §wo yraquencies, In the field of carrier telegranhy it hag been found. 
that at least 6 cycles of a sinusoidal sigrsi are ronulred for such selecttion.. 
The use of vulse signals, therefore, should not result ina loss of recording 
caracity, vnile 1¢ ellows the recording ond reading circuits to be of such 
sicpler cssim., ‘The use of a high-fraquency diag signal in nuise recording 
would be wineceszary since a linear characteristic is not required; however, 
the reculte of recording with different dies frequencies, as shown in Mg, 22 
indicate tlat the effect on vulee amplitude of using @ bias giznol should be 
investigetad. : 
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Cn a flat focording medium each ws a tave or disk it 1a possible to 
obtain mare than one reaording Szack. In electronic cozputer avplications 
the aiditional tracka nicht be utilised for cxnchronizing signals or for 
recording acditional infercation which ig not required to be. read independ- 
ently of that on the sarallol tracks, An estizate of the width and epactng 
of cuch tracks cry be obteined from data on the Brash Develoumant Coumany 
disx-toro recordoy. Using a pordur-costed paper disk, it produces a sound 
trace O.CL4" wide end moscing botueen tracks oe? 0.011", or the enulvalent of 
40 tracke per uch. Reads with thin cores are uged for obtaining these 
barrow track§e . 


ths probleryjof marking the location of snecific inform tioa recordod 
oa A Latietle cediun and ef Positfenine the rediun for Yemoval of that infor. 
kation poculre separate study, Raltd-chenncl recording cna flat mediua bas 
Cortain GC. late. e8 over aingle-channel recording in these reamncotn. Some 
of thooe . onteces ares (1) @ senarate ehanast cleat be need for syachrents 
and Garikit + signale; (2) Snforeatioa elght be sromped on sections of the tass - 
thus redusiig the tine reanired to vosktica ths tere for playback; (3) recording 
night te cone dn opposite Clresticns on Aadjeceas channele to avoid loss of tia 
fn rowiacing cr (4) cuscovsive oivnale might ta recorded on gsezarate channels 
to allow recording at a hichsr walse repotiticea rato: for ezamcle, with four 
channels, wrlses 1, 5, 9, 13 6%98., would bs recorded cn cno channs’, vulees 
2, 6, 20, 14, ete., vould be rocordod oa anotise cizn30l, valees 3, 7, 11, 15 
etc. vould be recorded on a “hird, end nulecs 4, 8, 12, 16 te., woun'd be 
recorded o3 tho fourth chennol, Tho enlid nezal taveg nrovidine erveral 
Channels @ls3 are stronger than wire media 80 would be ceslrable where ranid 
moeittoninge? the madina nincas cenaiderahle strosg upon 4. 
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Tha oroblem of postition ing the recording medium (gs one -f mecranical 
Cori as well aa electrical control. The wOluiion my lie in a suitable 
avulicetion of servomachaniem vrinciples or in the Cozstruction of a eatis~' 


factory sretem of clutches to engage the tane or wire system with a rotating 
drive shaft ag desired. 
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APPENDIX 


Be! Curve traoyr : a mi 
To provide a meang for Compering hvsteresis loops of various 
magnetic recording tanes, equinment for tracing B-H curves on a cathode- 
ray oscilloscone was developed. It consists of a magnetizing soledotd 
wound on a cylindrical tube which will Gllow inssrt£n of a pickup coil 
down the center of the tube, and suitable circuits to. Give the destred 
horigontal and vertical deflections on the cathode ray oscilloscone (CRO) 
A diagraa of the mametizing coil is shown in Fig. 23. The pickup coil 
is wound on a elotted form so that a length of the tene to be tested can 
eaaily be thrended throveh it. When in position for maxing téste, then, 
the nickzp coil 49 moved to the center of the magnetizing coil and the 
tane vagsog through both coils, 


The theory of the operation of tha équinment is as followa, A 
GO-cycle cinugoldal magnetizing force is generated in the magnetizing . 
coil by naaping 6O-crele current through its winding. Since the mo gnet- 


_ lziag force Ls proportional to the current flowing, the voltage dro» 


across & raciotance in series with the coil is provortional to H and 

“can be ured to give the horicontaL deflection on the CRO. Furthermore 
the voltass induced in the pickup coil 19 proportional to the rato of 
change of flux through 1¢, s0 the integral of thin voltage is ‘proportional 
to the flux through the pickup coil, If this flux were entiroly within 
the tape, then this inteyrated volt: 2s would also be vroportional to the 
desired raluo of flux Gonrity, B, and could be used to give the vertical 
Geflection on tho CRO, Tha nickup coil used, however, necesearily had a 


Cro‘s-sectional area several tires that of a tave, so thet the actual flux . 


in the tana is only a fraction of the total flux throuch the coil. For 
this reason a aecond pickup coll similar to the first but without a slot 
was “laced beside the slotted coil in the menetising field, by connecting 
the two pickup coils in a suitebdle balancing circult, & resultant voltage 


vrenortincal to the flux threvch the tape alone ie cdteined, Tho intefral’ | 


of thie roltags, then, is pronoréional to the flux density in the tapes 


Since the crosa-csctional area of the magnetic material in the 
tape is not the sane for all tapes, tka cireult must be balanced for each 
meagurenent. To accomplish thig a calibrating coll was also mounted with 
the pick-up colle. This calibiating coil was constructed to produce a 
Voltage esval to that coneratea tn ths slottsd nickap coil if it had a 
crons-ecction of 1/4" z O.CO2", or the dironaions of an everage tape. 
Calibration thus consists of adjusting the outout of the Pickup coils to be 
the vroner fraction of the voltage from the calibrating coll, thie fraction 
being determined by the ratio of the tane ares to the Average area of 
0.0005 eq, ino ‘Sho coastruction of the complete pickup coil asecnbly 1s 
ohown in Figs DAs 


Clreult diasrans of the acplifiors usod with the 2-3 curve tracing 
cquionsrare shows in Figures 25 ond 28, Tho Hnnnolifier (Pig. 25) consists 
of & olnzle stars witha presshitt control, It has a gain of 9, The 


E-anplifier (¥ige 26) contains a twomgtage preanplifior , en R-C interrating 
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4 
Cizcult, anda three-stage final am-liffer. hen measurenents ara being 4 : 
teen on solid metal taves heving a high fiur density, the nreamniifier - 
is not rec uired and may be sitched Out. The seasured values of gain at e 
€0 cps sre 40 for the nreammlifier, 1/165 for the integrator, and 3680 M 
for the final am-* “fier, or an ov-rall €rin of 992.0, Tha requirements c 


of ‘igh gain and 2-ro hase shift over.a band of frequencies necensitated a 
careful design of the anvlifiare. 


Comoensating circults and negative 
feedback were used to odtain the required vhase characteristic, It was 
found necessary to uss a dec filament voltave because even gmall anounts _ 
of nickup fron a 60-crcle filament current cavaed odjectionadle distortion 
in the curves traced on tne C20, : 


The procsdure for 
mining the scale factors as as follows; 
ment ie xhown in Fig. 27. The pickup co 
is positioned at the center of the magne 


J 


deflection on the Civ. This deflection 
means of the pain control on the CRO. 
to ite "test" position and tha ‘balance 
deflect‘on 48 the vrover fraction of 


‘this fraction being determined from the cross-sectional area of the mapnetic | 
material in the tane in the menner vreviously described. The phase control 
19 now adjusted co that the brace on the GRO fa a single straight line. ext 
the tane to be tested ts inserted into tho plezrp coil. It should ta long 
enough eo that it extends a fow inckes beyond either end of tha macnetising - 


Coil, Suitable adjusteont of tha gain controls gives the desired 5-H curve 
° Tor the tane. 
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Tha horigontal scaie factor for the B 


-H curve obtained 4¢ dstermined | 
in the following manners Tha output of tha c 


alibrating coil 1a measurcd with 
a voltmster for the care magnetizing evrrent -- VssG 4m the tost. This : ¢ 
voltage, Oo, 18 oe < se 3 
wt “8 “8 
@, = Whe - X16 = MA 0 Bom cos CH x 10 : sa 
dt ; (1) <= Fa 
where NH. is the nurb-r of turns on the calibrating coll, Ay is the cross~ : Ve] 


sectional area of this coil, and Ben is 
in it. Solving for Bog and onbs 


the mericum value of flux density 
Situting constant valuas gives 


Ben © 3.9 x 107 x, 


(2) 


where By is the r.m.s. velue of Coe . > 


The tngaotising force, KH, 4s nuwerically equal to B, so 
peyite horigonta] doflec- 


if dy 18 the peak-to~ 
lon, the desired scale f.ctor for the abcisga, 
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Ss 3.9 x 104 Be a> 9,8 x 20° GR -ebveteds der (3) 
dy unit distance 
To determine the vertical scale factor, the peak-to~veak horizontal 
and vertical deflections of the B-H curve ere observed. The horizontal 
deflection ghould he the same ag that. for which 3, was measured. Then the 
Bagnetizing force 1s removed and a 60 ang voltase from an oscillater ora 


It 1s ovtdont tht 1f thie value of V 19 equsl to Bo then the vertical ecale 
factor, SL, fora tane of average cross-sectional area is the same as the 
horizontal scale factor or 


Sy 97.8% 104 Eg gnusses ner unit distance (4) 
ro 
Sy 


For ¥ not equal to B,, Sy is changed in the ratio of V_ so ; 
. Ee * : 


zr - 
Sy s 7.8x10° S xv = 79% 10" vy gausses per (5) 
; ae dy unit distance 


Rovever, since Eee ond hence V, dapands ca the total effective flux through 
tha pickup coils and not on ths flux density alone, the factor relating 
the c¥ vssegootional area of the tane, cc to the average area, Ag. which 
wae used in the talencing step must be included in tho expression for Sy, 
Therefore the complete exmression for the vertical scale factor is 


Sp = 7.8 x 10* 4, V_ enusses n-r unit distance 
A ; 


In the onaration of this equivvent cert-in limitations were noted 
which might be removad by as chenge in desig. The nost objectionable defect 
is tha tondency for the G20 trace to drift. un sad down on the face of the 
tude. When tanoo requiring a low vertical gain setting are being tested, 
this drifting te slew and of arai? bamitude, bit with hi¢h vertical gain 
settings it 1a rapid and of considerable amplitude. This Jumolug is caused 
ty fluctuntionns in the simMlyz Yoltare which Produce snurious si¢nale at the 
late of the first tube. Those signale pre passod on to succeadine gtages 
by the high-time-congstant coupling networks, A Tegulated am-c gunrly end 
erxtrenaly stable d-c sunoly woulc be reoulred to eliminate this drifting. 


The vresence of harmonica in the E0-cyela magnetizing current also 
iq odfjectionable. ‘Thege harroaics chanre the shave of the BeH curve and 
result in an incorrect Delf curve meacurenent. 


For teets on tanes with small cross-sectionfl areas, an additional - 
calibrating coil corresnoncing to a emaller area than the one described 
would provide more accurate belonce adjustments. 
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The use of a higher-. reeuency magnetizing current would be very 
i desirable in many resnects. In nerticular it would vermit gimplor _ 
amplifier design, require less emplification, and reduce the tendency 

{ for the pattern on the ‘oscilloscope screen to drift. The 400-cycle power 


avallabdle in the laboratory was ruled out, however, bocauge of its hig’: 
bargonte content. ae 
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SYMBOL CR TERM 
NMF 

oersted 

us 

R 

3 


Hy + coercive force 
Bo ~ residual flux denaity 


Bed curves 


(’ ta permeadliity 


Hy ~ initicy vermoability 


fig," - maxisun vermsabild ty 
Saturation . 


Saturation flux density 
Flux linkages 
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Pere 23 
ZABLE OF S“MFOLS AND DEFINITIONS 
DEFINI PIO" 


Magnetomotive force. 

Unit of magnetic field intensity or magnetizing force. 
Unit of magnetic flux density, ; 
Mametic field intensity. 

Magnetic fiux density. 

The mgnitude of the megnetizing force at which the 
flux density 4s zero when a menetic material ig 
being eymmetrically cyclically mmetised. ; 

The value of flux density for the condition of zero 
magnetising force when the material is being svima t= 
rically cyclically ur enetized. 


4 clot of the flux density in & maenetic material 
aga function of magnetizing force. 


Ratio of flux deneity to mymetizing force, 


Ratio of flux donait- to Pagnotising force for very 
om 1) ralues of tagnetizing fore, at 


Maxicun valuo of a that occurs as the flux density 
in a ra-netic material de increased frou zero to 


_ eaturation. 


Condition that ezistes when flux density hug been . 
increased to the point where the vernsabllity ig 
equal to unity, 


Flux density at which the vermeability drops to unity, 


Prodret of total flux passing throuch a co4l times the =~ 


nunbder of turns in the coil. 
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Material 


Mo~Permelly 


Vernadiuns 
Porserdur 


Hipersil® 


Vicalloy 


Bruch nlated 
Tane 


Bruch Paner 
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DESCRIPTION OF MAGE PIC MATERIALS _ 


Pron ertieg 


Commnosition 
Pe, 16.4% 44, 22,000 
Mi, 79.0% pels ,000 
Mo, 4.0% $ 5,000 gausers 
Ma, 0.6% He | 0.05 cersted © 
p. 55 Aohm/cm 
Satera tion flux 
density, 8500 gnusses 
Hysteresis loss at 
saturation 200 ergs/ce 
Fa, 49.0% 4» 800 
Co, 49.04% _ae 4500 
Vi, 2.0% Bp, 14,000 gausses 
“4 » 2 ) ooreteds 
_ Py 26 wotz/em 
Saturation flax 
density, 24,0CO gausees 
Hysteresis lose at 
saturation, 6000 ergs/ce 
Fe, 96-97% Bp, 17,400 grasses 
Si, 3-44 Hy, 2 oersteds (annrox) 
» 58 fLokm/cm 
Saturation flux 
deasity, 20,000 gaucees 
Hyateresie loss at 
eaturation, £000 ergs/cc 
Va, 6-104 Hy, 200-400 oersteds 
Co, 36-62% Bp, 5000-9600 geusses 
Fe, 30-24 . 
Co, FOF) nreting Ho 200 onreteds 


Ri, 20%) Bp, 6000-10,000 gausses 


Powdered magnetite H, 
contin, narticls iy, 
diameters leas 

than 1 nicron 


» 100-209 orrateds 
400-709 geusses 
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Steel Corp, a? iy 

Brackenridge. Pa. Pe 

Mr,Willfam S. Spring my 

Electrical Sales Eng- |)”. 

; fs i 

_ S 

(Same as for is 

Mo-Permalloy) ri] 

“ 

(Fone of this ; : 

Eaterial was ry 

_ Durchased) 

Weetern Elec. Co, ee 
195 Broedcey.¥.Y.C, 

Wr. 0. Carnenter : 5 

Coordinator of ios 

College Relations i 

Brush Developrent Co. | 

2405 Porting Avenue : @ 

Cleveland. Ohio, a 

(Same as for Brush | 4 

Plated tape) on 
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Material Commogition Properti 


Hyflux Isve Metallic nowder 
: coating, commos- 
ition unknown, 
perticle diae 
meters less than 
1 micron. 


MMM Tape Powder coating, 
comnosition 
unimown.' 
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H,, 200-550 cersteds 


Ba, 500-1500 geusses 


Hg, 350 oersteds 
Bae 750 gausses 
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es : Source, 


Mr. John P. Manley 
The Indiena Steal 
Products Coe | 
'88 Park Sq Bldg. 
Boston. Mase. 


Mr. McKnight 
Minnesota Mining & 
MRE. Con . 

51 Sleeper Street 
Boston. Mags. 


Kanufacturing  rocess produces orientation of crystals eo 
thet there 1s a vreferred direction of magnetization in 
thea material. Therefore the msterial must de used 90 that 


the flux path is in thie preferred direction. 
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A~30951 
A-- 30952 
A-30953 
A-30954 
B~30955 
A-38293-G 


A-3095]7 
A-20996 
A~20997 
A= 50398 
A~ $0359 
A~30960 
A- 30961 
A~- 30962 
AC 30963 
A-30964 
A-3294-0 
A-35295-G 
_ A~38296-6 
. b= 38297-6 
A~38298-0 
A-~$0965 
A~30966 
A~30967 
B- 30968 
A~ 50969 
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